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SumA&Rx

.MW?ail.secXiane that “have.dmall,.o.r ~ere p.$tqbing-
mament “coeffkc~eqlm and high lift-drag .ratloa have been
&evelqrad.axld t.est.ed;.Wtth eect.ions having pitGhing-
moment. :coefficients close to sero, nlaxiqum section lift-
drag ratiom thab uare .almoat .twiee aa;gr~at. aa ttiae which
have been attained on aecttons of the NACA 230-ser.iss air-
foils were attained in the Reynolds number range from
1.7 x 106 to .3.2.X 106. Such. eharacter%tatlcm arq desir-
able -for rotor-blade eectiona,.:but the new sectioqs have
th6 dieadvantaga”that .the~”are .unduly.aeneltive tc rough-
nese. .The action of forces caused by the rotation of the
blades”on the partly stalled regions over the rear portion
of the airfoils in the rough condition Is “~ot well.unde.r-
~tood~ ‘but it “is balieved that the :action maybe beneficial.
It Is feLt desirable that some;of the new sec~ions be tested
i.n”a full-scale z’otor.

.
INTRODUCTION

Two of the most Important characterietlce of airfoil
sections designed fcir”:~aeon. r~tar b3a#es are low-profile-
drag coefficients in the useful range of lift coefficientfa
end practically zero pitching moment about the aerodynamic
&bnlier.. !the..purpose of the presePt Invqstl%a$lon ?as to u

dbvelop.alrgolls with zero pitchlng”momqn~.that,.et high
lift coefflcienta, had profile-dragmc~efflq#eq~ s“-no..aarger
than .thoea-usually .obtala@d..with low-drag%.ai~fo”i$a a .1OW
l~ft coefficients. )The.xnaxlmum liXt-@ra& Wt!o: (c~ .cd)~x
was use~ as-a eriterioa. of..the”airfoile. “The use of .
(~t/cd) ~max”

ae.a ch?$tarioi.favora tihe airfcll that can “
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maintain low drag &. ZCL$YAl..i%~~.oo.af~identm over the air-
foil that has equal or pQ@Hi.??ly lower drags at e~ller
lift coOfficlenta. This’ criterion, in effect, places most
l~or”t”~tic~:bti.the’*c~loh Of.rtftar prd?tl= p“kwer :ia .tke
hovering range and at low forwhrd 6ipeed8. As the forward
speed increases”, ‘%hb &fal:la .@ara%.s-bv%.m a fauch wider
range of lift coefficients; and, although low profile
drags are #till .d~aflz’~le, the simple..c.r”!t*r4o& lc~/cd)ma=
in itself no longer provides sufficient basis for choice
of an airfoil.

Of the conventional airfoil sections previously devel-
oped by the lUCA, the liACA 230 series gave the highest lift-
drag ratios with emall pitching momente. It eeemed likely
that lift-drag ratioe higher thaq obtained with the lJACA
230-seiies d~r?oile c-oul.dbe at$hiriwd, wl@~eq8?ro pltchiug
moment-.wae.%aintalqe~, by dee~gnimg t?? airf.clla tw”keep
extbnsi~$ Iatiihar %tindaky “layer-e in the ~epign range of
~ift c0efflc3ente. A b“ertke of. sectibtii,wera:accotitngly
designed. and +eeted in &n att’prnp~to .OBtain”th% highest
lif+d.r&g rati-os with z~tcFfi”~tch3mg’momrent.,..

TWO groups of mew-air?~lp arid one’tiem%er or the NACA
230’a8rlb8”.Were %eh%ed: The f~fat-grchip of new airfoils
coti”sls+kd of & low-drag airfoil atid.modificsiions of “it.
~he. drigifial.airfoil of.%hls group had a high lift-drag
hatlo @it”:a;pit.chinS rnomen% too large for u=e on rotor
b“lad4s., $evbral. mod”ificatlonb of the tail portion of this
.airfbi.lwere””.made in+:an attempt. to reduce the pitching
moment and, at the same time, to maintain lift-drag ratios
as high as possible. The second group invludea two low-
drag airfoils that dfffered only in the amount of camber.
The llACA 23015 airfoil secticn was tested at the same
Reynolds number as the newly deweloped sectlone and the
data are Included for comparison.

APPARATUS” ~ METHOD

The teeta of the new a~rfolls w?re made In the EACA
two-dimenslohal” Iortuibtilenee tuhnel, hereinafter desig-
nated HACA LTT. Thid tunnel hati a teet section of the.
came dimensions ae the teat s~etion of thd llACA ttib--
dimdnsicm~l low-~urbu~ence pressure tunhel, hereinafter
designated lI~CA TIJ~, which &s deserlbed l“n reference 1.
but”operates.only et atdbbptier-ic presetire. Ths lift and
drag of a model are obtained by the same method as In the
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YACA.TDTi (~efea+.nber 1] :“”-The-.p-re”sBare.dl@tr4butions on. the
mtidalg.wer-e abtain=d k@ ua~ng;.a emall’.sthtic~pre 6eure”-ttibe
that .eou.ld~be””pJaoW at. the..d~sdsed p.tisitiow:om thb” airfoil

,S~rfabe.; ;~..The mltbhihg ntotient.~-.kdre”.measured in--tha ‘.MACA-------
~~1’~-”bySo” tiunt”ta g:th=mdtiln:..ttia.t.they.were freo ‘td p~vot

I.Ih a' ball. be@~. J.oa&te@i.l~.bfi. xall"bf- the. tunnel: and
z~ettialn’ed..thaugh. *hel-bth*~ka3J. W” a“torque a*m-conel~~-.

. lng”:~f a“ calibrated b.temlsro&. a~tlngm::n;.twrs5cni” ..Im. o.rder
to ~llo~ the mod,e~ to pt$vo.t..o~.tthe+ torqu~~,aim, It wps.:n.eces-
~.~ry to. l:eav.e~.bm@~ .-g~~~ bo,t.w-be.h’%he~ :moap~”ends. and the .
.tIltielwall e;. .T+6””~.$fa5$.,o% k~e-ee”-.end~gap”b oh the .ti.eah-
,.u%pd”.lif.~ and .d.r~g--e~~. ellhiiha,t~d””~y’r~itbsting the models
ab-sled to” the Wallei --l!bb..l~ff an~. drag- Kaha p~kaknt~d :were .
obtained tiith the mod~ls” m“baltidto” t-he tu-n”fielwane” for””all
models except the HACA 2-H-15 airfoil section. The data
for this ~odel were b.el.isyed.to ba ;s.uffIoiently reliable
an obtained to make a“ epec”lal”t“bkt”“unbecesaary. The effect
of the end gaps on the pitching moments Is belleved to be
ema~l especially becauae~ throughout their useful range,
the alrfolle had pitching momenta. that were practically
c.on,st.ant. All the. data have been corrected for the finite
else. of the test e“ectiori;

The. 19ACA 23015 airfoil sect~om wae-teet”bd in the
IIACA TDT. The methods of obtaining llft and drag are ex-
plained” in. iefbienoe. 1. In order t% obtain pitchlhg-
moment. data, a torque arm fasten-e-d.to the model is ueed.
Thb tor-que ‘arm”used’ in the MACA TDT” ib much’ stiffer than
the torque arm used in the ~ACA LTT. and,. In addition,
the torque arni in the NACA !l!DT incorporates a damping
device.

ThS method of construct i,.~gand fiiiishlng the models
.1s e+.lain”pdo.$n. reference 1.- Two &’&oups..of new alrfo+l”g,
including the modelfl d.eei~nat.dd MACA .l-H-15,””NACA 2-H-15,
XAC!X 3-H-13-..5, WACA 4-H-12.4, “llAG&”&H- l!5;--hnd??ACA &Hw15
a-ridone member of the NACA 230 @cries”,.th.g”llACA”230’159 were
teeted. The designatlona of the hewl~dewelbpea” aldfolls
are -considered temporary pending the development of a more
descriptive ayetem of detaignatlon. The firet number Is -
merely a serial number to td:entlf’y the airfoil. The H
meane that the alrfoile were developed for use on rotating-
ming aircr~ft. The laet ,.twonumberta give the thickness
ratio tif *he airfoil t/c “ ih pbrdantag”e “o;ftke ’clrord.

X.n flgnrq 1.are preeentea~lbts of t.heair$oflb erhd .
in table I, the or~ina.te~s”-for”}he-airfol~.”ti.edtio.mi. “The
PACA 1-B-1-5 airfoil was the orfglnaI” l@W-dfiE ”sectl’oiruaed
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In the derivation of the=ACA 2-3-l”~p .liACA”3-E-13.5, anfl
EACA &H=12b4 airfoil se~tiom. - ‘I-riorder to redti.ce the
pitching moment. the tall ka.a”swept up reauit%~ in khk “
IIAOA 2-3-35 13iTfOfl E18CtiO%lm The “pitching “moment k.ak
dill high. A tail extension wab therefcm~ B&ded and the
upsweep at t~e tail wkn sllght.l.y..changed resulting in the
lJACA 3-E-13t6,aSrfoil sactien. Jiha-lly.” in an effort to
increaOe (c~/cd)max the uptaweep at the tail waa removed

and a longer tail extension was used resvlting in the
HACA 4-H-12.4 airfoil section. Zhe SACA 5-H-15 amd 6-H-15
airfoils have the same thiokness distribution and the same
t~e of mean llne but the SACA 6-E-15 has 35 percent mQre”
camber than the MAcA 5-H-15 airfoil. 1

1

-.

.

21ie results ‘of the teete are presented .im figures 2
to 22. A lift-drag polar is given for eac$ airfoil”. Sec-
tion lift” coefficient cz and section. pitching-moment .
coefficient about the aerodynamic center cma.c. are

plotted against t-he section angla of ;crtthck a. A pressure-

dlstrlbut.lan curve of
(
L)*
Uo)

agadnst ZIc is given for

each oi ths new airfoils” at ,approximataly the “design angle”-

of attack; ()La
Uo)

is the! square of’ the ratio of the local

velocity over the airfoil surface to the undisturbed veloc-
ity of the stream; x/c def$nes the noaitiop a>ang the
alrfoll chord and varieq fro= sero at She nose to unity at
the: tall. In figure 22” ie”pres~ntad. a lif%-drag polar for
thq 3ACA 5-H-15 alrfo~l sect~on with the nose roughdned=
Them charhcteristlcs of ths veri.ous airfoil sestions are
minhnafi$ed in table II.

fiIscussIOH

The relative impo.rtazace of various des~rctble airfoil
characLeristica depends in large measure on the requirements
of the particular design. It appearm necessary, however,
that any section to be uqed on rotating-wing alrcr~ft have
zero. or at least very small, pltchiq~ moment. Low”profile
drags are desirable hut the profile drag cannot always be
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deduced in one range of lift coefficients without lnoreas-
Ing the profile drag in another range. The particular
range” of l~ft coeffiolento in whtoh low profile drags are

- ~~ impertant.depends on the ‘requirements of the spdclfio
design. High values of t@d)mn= are particularly ,d~

slrable fox helicopters l-n the hovering condition and at
law forward apeeda. The algn$f~oance of this crlter~on. In
itself decreases qs the forward speed of the atroraft .ln-
creadee becauqe the range of angles of attaqk thr,~ugh wliloh
the blade section operatee incir@asea. The @p,ort@ncq o.f
high critical Mac!h numbere increases as the f~r~aid m.pded
of rotatlrig-wing alroraft Inhreaoes. The impo~tatice bf
high mkxlmum lift coefficients also inc~eades with the
forward speed of the alrcr~ft,

In deeigning the airfoil seotion8, mokt’ emphasis was
put on obtaining high lift-drag ratios w~th sero .~it.thing
moments. Sectiono that had high lift-drag rat~om aleo had
ldw prof.lle-drag coefficient and relatively high critical
Mach numbers at fairly high Iift coeffi~ients. The emphaois
on aerody.nqmlc requirements produced airfoils that had con-
cave curvature at the rear up”per surface. Although to some
users of the airfollB the concave curvature may appear”
undesirable from .constructional considqrationsr the”“present
methods of construction may poseibly be so modified that
full advantage may be taken of the aerodynamic character-
istics of the airfoils without ~~y~ng too high a price in
weight or difficulty of construct.lon.

Some of the new airfoils have pitching moments prac-.
tlcally equal to rnero throughout the useful range of lift
coefflclerits. It is difficult, however, to combine zero
pitching moment with t.be high design lift coef.ficierits
necetisa~y for high lift-drag ratios hecause~ for zero
pitching moment, the forward portion of the airfoil carries
more llft at a given lift coeff’iclent than it would. l?
there. were no”down Zoamq at the rear of the airfoil. “The
boundary Ia?er over”the upper surface “of a zer.o-moqent
alrfo~l 1s thus cloeer to separation at a given “lift coef-
ficient than Is usual for a cambered aarfoll with the lift “
spread more evenly. over the chord. In add$ttob, b6cause
the lift is unevenly ”diatributed. ovqr the chodd, the drft-
ical Mac.h.number at the dbsigxi lift coeffiqferit .~d lo*er

L for thb new a%rfo}Id than it qduld be if some pitching
fndmdnt word perditted.

.Over fairly ”ierge .fangee of the”lift coefficierit; the
new airfoils, in their smooth cdndltion, htive drage that
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are.”app-reciably lower than the “drags obtained with the best
of bhe prew.loukl.~ developed” MAC* conventional airfo%l eec-
blons. ha.ving””a.eurfaoe finished In. the same manner as the’
ld+drag aactions. Lift-&rag ratios almost twice as l.krge
aff”oan ..be”.obtained in the same Reynolds number range with
the best of the previously developed conventional airfoil .
sections lhave been obtained with the new low-drag sections.
outside this low-drag range, however, the new airfoils
havp htgher drags than conventional airfoil sections.

The critical Mach numlers of the new airfoils, glvan
In table II, have beeri .-estimated from the preasur.e distri-
butions g.lven”In tl$efigures. Within and above the.low-
drag range, the critical Mach numbers of the airfoile. will
decrease with increase of lift coefficient. If the lift
coefficient is decreased much below the. value at the low-
lift end of the. low-drag range, a peak that will cauae a
reduction ih the critical Mach” number will occur in the
predsure distribution at the nose of the ki~fo$l .o”nthe,.
lower surface. The new airfoils, which have the lift more
evenly d$.atr”ibuted oyer the chord than the WACA 230 or
sy~etrical series airfoils, may be e“xpected to have higher
critical Mach”numliers for a given lift coefficient becapse
of the” absence of local peaks in the pressure ‘distribution.

Tbo maximum lift co?ffi.cietits of the new airfoils are
lower thari”those obtaiped in the. same Reynolds number
range with the NACA 23015 airfoil arid s“li%htly lower than
those obtained with the MACA 0012 airfoil. Unpublished
test reeults of the MACA 0012 airfoil in the lTACA LTT at
a Reynold6”ntimber of 2.5 X 10”0 show a maximum lift “coef-
ficient .of.l.36.

In order to duplic~te the low drags obtained Sq the
wiqd tunne”ls.the airfoils muet be fair and must ha-v:ethe
came surface finish In regione of Increasing velocity as
the wind-tunnel modele hand. The regions of increasing
veloc$ty are shown in the pressure distributions given In
the figures. Any surface imperfection, such as specks or
Walv.esD th”at can be felt by hand in the” r“egion of “increas-
ing velocity la probably large enough to cause transition
from lamin”a”rto turbulerit flow ahead of the position of
maximum velocity and thus to cause a rise in drag. A
more complete discussion of surface conditions “ne”oesha”ry
for lami.uar flow is given in reference 1. The drag that
can be eqected from the new airfoils “when the surface at
the nose is very rough is shown In figure 22. This fig-
ure contains the results of a test of the WACA 5-H-15 -
airfoil section with the leading edge of the “airfoil
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oovared. with a strip of Carborundum-.cov”ered cellulose
‘Seotchn tape 2 Inches wide that was wrupped arouhd the
,leadlng edge. & comparable tee-t oi’.”.~ha“3MCA 23015 @lrfoil

= hot .beed ’-de;” a-test zapo.rted th:r~Zeranca 2 of the
MAOA 23021- airfoil with the leading edge Tough. IxdWbver,
chows this alzfmoil. t.o be lese sensitive: to rm”ghmees than
the low-”drag eectio.ne preeented in t.he;presenk: report.
The HAOA 23021 airfoil,” beaauea’ df”.It”s.graatw “thickness,
ie probably more. senattive .Gofrougkneae tham-the MA(IA 23015
airfoil.

Ahother indlsa~tan of the salnlttvtty. of %ks low=.drag
airfoils to roughness is given by the value that the drag
on the smooth airfoil reaches duet outside the high-lift
end of the law-drag range.. A.sudden rinse tn drag to. large
valuee indicataa sudden separation of the flow at the rear
of the airfoil. This hudds.n eeparBtloa mcc.urs because, at
the end of the Low-.dzag range, the boundary .layex over. the
forward portion of the” airfoil changes from a thin laminar

boundary layer to a relatively thick turbulent boundary
layer. With the change to a turbuldnt boundary layer over
the forward portion of the upper eurface, the boundary
layer at the rear portion cannot overcome the .pr@esure rice
occurring on theee sections (referenoeu2)”..

The figures chow that the pitching-momemt curvee for
the low-drag airfoile departed from straight lines In the
region at the high-lift and of the low-drag range.

Pitching oscillations with ampll.tudes of about 2° and
a frequency of about .2 cycles per second were obeerved at
the high-lift end. of the low-drag range for the liAOA 2-H-15,
!TAOA 3-H-13.5,. lWACA +E-12.4, and..lTACA 6-H-15 air-foil sec-
tions, which weme tested on the.relatively flexible torque
rod used i= tlie.‘Z!WOALTT. IJo.oec”i.llations were obeerved
for. the.HAOA 5-H-15:airfoil un~er the same test condition.
In addition to the osoillatiuns .at t’he.high-llft end of the
low-drag .#&nge, the MAOA.6=H-.l5 airfoil u“nderwent.a eudden
and violent oecillatl.on a“t an angle of a.t%ack -of =9.3°.
The MACA 1-H-15 airfoil section wae teeted in the I?ACA LTT
on a rigid momezit.balanae that “had a sti$fnese in torsion
much greater than the torque arm. Ho oscillations were
.notice& during the teet of this.a.irfoil~ The NAOA 23015
airfoil section.wa~ tested .an the relatively stiff torque
arm with whidh the IJAGA .!FD~ is “f.ltt.ed~ ~rom the charac-
ter of tile ltft, drag, sand pltcai~g-~o~.ent curves obtained
for the IJACA .23016..airfatl .dection, no oeclllations are to
be expacted with. thie airfoil.. The oscillation observed
for some of the eections are believed to be caused by the

.

,-. -,., , , ,.-— . -—-,.



8

rapid change! qt. the high-lift end of the low-drag range,
from the:u+eepareted to the separated type of flow at the
tail of the. airfoils. The oscillations stopped as soQn
as the aqgl.e of attack was definitely outside the range
in whl.oh:a small change in an.gle””of attack would cause the
fl’gk t-o change from one type to the other. Although OSCil-
lati,cuasof any type are undesirable, it Is believed that
the characterletlca of the torque arm allowed the airfoils
$9 oeetllqte ~or a change In pitching moment which would
have been insufficient to cause noticeable oecillatiohs on
a stiffer torque armg The otiffness constant for the torque
arm had” m average value of 4 foot-pounds per degree de-
flection.

When airfoilo. ~re use&.as rotor bla’des, the conditions
kqder whtch .th~y operate will be different frdm the test
con$+i:tio+s %n the w.lnt tunnel. Tor. ell.conditions of
fmligh$p the boun@ary layars on the blades wI1l be sub~ect”
to +trong ~entrifuged and.aerodynamic pressure. ”gradfient”s
and. in addit.tom., far” conditions of forward flight., the angle
.o.fattack., apg~e- of yaw, and velocity.will vary rapidly. It
la possible that the. spa.nwise pressure gaedlents many ad-
yerO,ely q$fect ths Zaminar boundary layer and thus the. low-
drag qualities of”the airf”oils. The” effeet of yawed flow
may be similar to the effect of the spanwise pressure
greatente. Tha.action of-the spanwiee preaeure grad~eute
on the separated region at the rear of.thb.airfdll~s which
is present wh~n ~lae drags of the airfoiis are high, 10
likely to be beneficial. The forces acting along the span
nf the bl-ades will tend to make the sepaia~ed flow run out
along the blade span, and”the. Coriolfs forces will tend to
sweep the separated flow off the trailing edge;” The rapidly
changing angle..of. attack in forward flight may not provide
sufficient. time for the bouadary layere to build up to the
steady~values . associated with the .eec$ion oharacteristica
obtained from thp wind-tunnel tests. -In.forward flight,
the. effect of the-rapid changes in velocity over the sec-
tions. of the b$ades.may be similar to the effect of ‘the
rapldlX,ckanging angles of attack.

It is.r~commended that a rotor using loii-drag sections
be built and tested full scale. Such a test would. serve
to indicatO whether the sum of all possible differences
between the wind-tunnel test conditions and the rotor con-”
ditione. would be sufficient to.affeo~ noticeably the rotor
characteristics. “Zests of rotors that .have ‘diff~rent sec-
tions wou:ld also serve to indicate the extent to which
section characterls%lcs affect rotor characteristics.
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CONCLUDING” REMARKS

—-. New airfoil sections that have small or zero pztc2iing-
moment coefficients and high lift-”diag”r’atios have been
developed and tested, With sections having pitching-moment
coefficie~ts close to zero, maximum section lift-drag
ratios that. were almost twice as great as..,~.hosewhich have
been attained on sections of the NACA..23O-series airfoils
were attained in the Reynolds ,number.range from 1,7’ X 106
to 3.2 X 10=. The new airfoil sections, because of their
small pitching moments and low profile=drag coefficients
at moderate lift coefficients, may be suitable for use on
the rotor blades of rot,ating-w,ing,.aircraf,t . It is desir-
able, however, that, some of the~,~ sections be tested on
a full-scale rotor to observe their characteristics il~
actual rotor ufse and to determin,~ whebher certain undesira-
ble character.isticsj such as sensitivity to surface rough-
ness and chang,e in pitching mom~~~, which were notices in
the tunnel, ha,ve a seTious effect when the sections are
applied to rotor blades..

Langley l!iemori.alAeronautical Laboratory,
National ,Arivisory Committee for Aeronautics,

Langley Field, Va.

REI’ER13NCES

.1● Jacobs, Eastman N., Abbott, Ira H., and Davidson, Milton:
Pralimtnary Low-Drag-Airfoil and Flap Daia from Tests
at Large, Reynolds Numbers and Low Turbulence. NACA

A.C.R., March 1942.

2. Jacobs, Eastman N., Abbott; “I”a Il., and Davidson, Iiilton:
Investigation of lllxtreme Leading-Edge Roughness on
Thick Low-Drag Airfoils to Indicate Those Critical to
Separation. NACA C. B., June 1942.

Immlmml-mmm,mm ,,,1 -=--=- ‘818-—--, ,,, ‘, ,,
,. —.—



10

TABLE I

AIRFOIL-SECTION ORDINATES

[Stations and ordinates in percent of airfoil chord]

NACA 1-H-15 II NACA 2-H-15

Ttppersurface

-0.,oq
:5
.75

1.25
2.5
5.0’
J*5

15
20
25
30

G
45
50
55
60
65
70
75
go
gb
g

100

—-

OYdinate

1*44$
2.232
2.tig
2.93%
3.813
.5.T77
6.305
7.276
a.916

10.267
11.363
‘12.217
12.gy
13.166
13.2&3
&3.o17
12.42g
11.459
10.073
g.2@
6.151
3*987
2● 031
.536

-,251
0

====’11 uPPers~face I ‘--Lower surface

d
1

Station Ordinate St2tio2

-O:gn ~“-0.042
II

-o’* og~
-.655 9’5

●75
1.,25
2..5
5.0
7~5
10
15
.20
25
30
g

45

%
60
65
“70
75
’80
g5

;;
LOO

-*739 ●75
-,m7 1.25
-1.121 2.5
-1,304
-1.367 R
-1.400 “1o
-1,437 15
-1● 453 Z()
-1.4y3“’ 25
-1.’483 30
-1● 517
-1.565 <:
-1.620 45
+.679 50
-~.721 55
-1.754 60
=1..766 65
-1.761 70
-1.7s7 75
-1.6i4 .go
-1.Mo 8’5
+1.200 go

“.797 95
Q 100

1 .“448 -0.077
2.232 ~ 85
2.”4i3t? ●75
2;gjl
3.”aj
5.177
6.305 ~~
7.276
g.916
10.267
~i.363
12.2i7
12.831
13.166
13.243
13.017
12.42g ,
11.459 I

1.25

;:2
785
10
15
20
25
30
35
40
45
~o
55
60

10.073 65
8.340 ‘ 70
6.420
4.650 ,::
3*X0 85
2.370 90
1.670 ‘ 95
1,750 100

Ordinate
——

-0.042
-e.655

-0739
-,887
-1.121
-1.304
-1.367
--1.400
-1.437
-1.453
-1.458
-1.4~3
-1.517
-1.565
-1.620
-1.679
-1.721
-1.754
-1.766
-1.660
-1.470
-1.160
-.710
-.ogo
.730

1.750
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l?AJ31.J2I

AIZU?OIL-SECTIONORDINATZS - Continued.
.—

I NA.CA-3-HA13.5

t

-,

Upper surface

..Station

-0.079
:;:;

““.l.L36
:,.2.273

‘k.546
.6.gx8
,9.091
L3&36
L8.1~2
22c727
27.273
g.gl~

‘‘36e364
4D.gog
k5A5U
5D.QOO
51+.-s46
59.091

. 63.-636
6g.;l/32

..72..727
~~7~..273
,81,+318
‘:g6.36!+
900909
“95;454
100.000

Ordinate

1.316
2.029
z.262
.2.665
3..466
4.7o6
5e732
6.615
g*lo5
9.334
10.330
110106
M.664
11.969
“12.939
12.834
lJ.?98
10;417
9.157
7.727
6.309
&’955

“’3.7~2
2*a7j
.2.282
.l*a73
1.655
1.591”

Lower”suriace

Sk”atiofi”
-

-0,070
.454
.6~2.

1.136
2.273
4.546
6.ala
9● 091
13.636
1~.lg2
22.727
27.273
31.818
36.364
4Q.:909
4J.;::

5~:546
59.091
6-3.9636
6~;lgz
72:727
‘;7?.273
Ea.glt?
865S64
goigog
95.454
loob~o~

)rdinate

-Q.03g

“-*595
-.672
s-.806
-1..019
-lolqj
d .243
-1.273
-1.306
-1.321
-1.325
.-1.34~
-10379
-1..423
‘1.473
-1.526
-1.565
-3.595
+1.605
-I.601
-1.561
-1.467
-x.264
,**992
~~;.764

.7M
1.591

NACA”-~H-i204

Upper surface

Station
-

-0.072
.ul~
.625

1.042
2.(X3
4;167
6;250
/3:333

T2i500
26;667
20.Kj3
25.000
29.167
33*333
37=500
~1-~667
45.833
50.000
5ti.167
5f3:333
62;500
66:667
70;/333
75.000
79;0167
83=333
87.500
91.667
‘gb.gjj
100.000

lrdinate

1.207
1.g60
2.073
2.442
3.17g
4.314
5.254
6..063
;,;;:

9:469
10.181
la.692
lQ.972
YI..o36
li):~4L3
10.357
9.549
aa394
7.150
5?933
4*goo
;*:’;

,1:983
1“.300

●733
.325
.Ogj

o“

“Lower surface

;tation

-0.064
‘.417
.625

1e0$2
2,,083
4.167
6.250

gQ333
12050~
16.667
20./3~3
‘?5.000
29.x67
33*333
37.500
4x.667
45.833
5cr.000
5~.167
5~.333
62’.500,
66’.$67
70.833
75.000
79;167
g3.j33
87.500
91.667
g5.t?33
.00.000

-0.035
-.546
-,616
-*739
-.934
-19og7
-i9139
-1:167
-1.1,98
-1.’211
-1.215
-T;236
,-1’;264
-1’.304
~Y.350
-1’.399
-1”.!t34
-1”.417
-~.472
-r.46~
-1”0450
-2’.433
-1;392
-1:333
-1;233
-1.’.og~
-.900
-.6y3
-.35s
o
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TW3L13I \

AIIU?OIL-SECTIONOIU)INA@!S- Centinued

r IUCA 5+S-15

I Up~erstiface

Station

o
.192
● 409

! 2:$%
4.476

‘1
I 5Q953
I 9.454
14.492
39.565

i:24.563
. 29.7~2

t
34.922
40.090

~ 45.291
~ 50.635

J 55*759
~ 60.772
/ 65.703

I

70.575
75.400
~o.1~~

1 84.996
I ~g.g6g
:,92.983

L
100.000—.

Ordinate

o
1.225’
1.501
1.973
2.~99
4.294
59390
6.311
7.77h
8.90Q
9.734
10.331
‘;;.;;;

‘io:70&
10.171
9.275
8.193
6.955.
5.65~”
L 35)6
3.09s
2● 003
1.037
.372

0

Lower surface

Station.

o
.KM

1.Oyl
1.639
2.960
5● 724
t?● 047

10.546
15.50,8
20.435
25.337
30.218
35.07s
39.910
44.709
49.,365
5&2til
59.228
64.297
6g.425
74..6OQ
79;,S43
85.009
90.03?
95.0X7
100*OOQ

,f)rdinat.e
.-

..0. .
-.8!31
-1.015
-1.229
-1.599
-2.Ogo
-2.422
-2.655
-3.090
-3.394
-3.626
-3.619
-3*993
-4.123
A. 2’50
-~.37
-Q.459
-h.547
-b.541
-b.4z6
-4.I.66
-?.g~g

-5.793
-1.593
.-.656
0

! L* E. radius: 1.42
-t.. —

.

NACA 6-Hu15 I
llp~.ersurface

Station
——

0

●097.
.302
.736

1*W9
4.300
6.~6g
9.267
14.3J7
19.419
24.’546
29.706
y!..ggb
40.121
45.592
~,obzyj
56.020
61.03j
65..943
70.772
75.538
Go.2i”l
S4*99U
Z9.957
94.977
100.000

Ordinate

o
1.252
::;;;

3.090
4.647
5.G78
6.919
g.~-/’5
9.~55
10,79.6
11.466
11.W3
12.017
11.83Q
11.16$
10.084
~.7.94
7● 343
5● 848
;.;;;

A5
.gm
.322

0

Station

o
.903

1.198
1.764
3.ni
5.700
8.232
10.733
15.6~3
20.586
2s.+54
30.2g4
35.105
39*879
4k.606
49.145
53.980
5G.965
64.OST
69.22~
74.462
79*7~9
85.006
90.043
95.023
.00,000
—-

L. E. rat!ius: i.42

.—

0

-1.064
-1.334
-1.659
-1.872
-2.023
-2.251
-2.417
-2.550
-2.676
-2.si7
-2.947
-3.116
-3.310
-3.5s2
-3.872
-4.0s5
-4.1s4
-4.118
-3.762
-2.931
-1.798
-.706
0

,.
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TABLE I

AIRFOIL4ECZ!ION.ORDINAEES_- Concluded.,..,,

NACA 23015

Upper surface Lower surface

Station Ordinate Station Ordinate

o “-. o b
1.25

22
1.25 --1,54

2.5 :? 2~5 -2.25
5.89 5.0 -3.04

% 6.90 7*5 -3.61
10, 7.64 10’ -4.09
15 S.52 15 -4.g4
20 8.92 20 -5,41
25 9.0s 25 -5.73

9.05 30 -5.96
<: i3.59 40 :5.92
50 7.74 50 -5.50
60 6.61 60 -4.~1
;: 5.25 70 -3*91

3*73 80 -2.G3
90 2.o4 go -1.59
95 1.12 95 -.90

100 (016) 100 (*,.16)
100 --.— 100 0

L. X. radius: 2.4g. Slope of radius
through end of choid; .0.305

I
[

1



Airfoil

—

liACA
1-H-lJ

lJ’ACA
2-H-15

NAcA
j-H-lJ.J

NACA
LX-12 .4

NACA
5-H-15

NAGA
15-ILl~

NACA
23015

—

Pqnolds
number,

2

2.60X106’

2.67

2.60

2.60

TABLIIII

AIR3?01L SXCZ!IONCHKRACKSR.ISTICS

i
0.16

2.67 + 0.002 to .l~oo
0377I

I
0..39

2.y3 lo .1500
~0:;4

2.60 I-0.005 ---- 1 .l~OO

t/C at

;/c=0025

——

0.12a2

.l~.ga

.1208

.1142

,1339

.1339

.1M6

!leynoltis
number,

R

2.60X10=

2*39

?.94 “

2.60

2.67

2.42

co2*LJ

——

lritical
Mach
numler

0.5/3

.56

.56

●55

.60

●57

.54

)*53

.70

.60

.65

.42

● 59

● 50

!hord
‘in.)

’24

24

26.6

28.8

24

24

24

IJ

Aerodynamic +
oenter

(percent c
ahead of
c/4)

o

0

0

-1.70

0

0

,1.25
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~-’~-’
“’\_.. /NACA 6-II-15

-~

I’i~~mx 1.- Airfoil secticns
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Figure 4,- Pressure distribution on NACA 1-H-15 airfoil section a.~
c% = 0.53. “R= 2.60 x 106.
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section at c~ = 0.65. R = 2.60 %,106.
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kr~—...~ew airfoil eectlonm-that ~ave small or sero pztching-
moment coef,ficiente and high l~ft-’dia%-ratioa have been
developed and teeted, With sections having pitching-moment
aoefficienta close to zero, maximum section lift-drag
rat~os that.were almost twice as great a=..>hosewhich have
been attained on sections of the MAOA.230-seriee airfoils
were attained in the Reynolde Bumber.-raqge from 1,7 X 10s
to 3.2 x 10=. The naw alrfotl eections, becautae of their
emall pitching moments and low profile=drqg coefficients
at moderate lift coefficients, may %e suitable for use on
the rotor blades of rot.~ting-w.lqg.alrcraf.t. Xt is desir-
able, however, that sqme of theq~ eections be ~ested on
a full-scale rotor to observe their characteristic Iu
actual rotor we and to determing whet-her certain undesir-
able character~atics~ euch as sqnmttivity to surface rough-
nese and change in pitching mom~nt, whtch were notices In
the tunnel, h-a,vea se~ioue effect when the sectione are

. applted to rotor blades.

Langley Memor%al Aeronautical Laboratory,
. National ,Adviaory Comaittee for Aeronautics%

Langley Field, Va.
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